It is widely agreed that when a cell becomes malignant there is a change in its surface and in particular in the glycosylated components of the plasmalemma (Cook & Stoddart, 1973; Hakomori, 1975; Richardson et al., 1975; Wallach, 1975) . The definition of the chemical nature of these changes has been approached from several directions, but there are advantages in principle in seeking the acquisition of new features in neoplastic cells, rather than the loss of normal components (Cook & Stoddart, 1973; Wallach, 1975) ; in this paper we report the identification by isoelectric focusing of a glycoprotein which is seemingly peculiar to the surface of tumour cells.
The techniques for isolation of plasma membranes have been described (Price & Baldwin, 19740, b). They were fractionated into their constituent glycoproteins by isoelectric focusing in polyacrylamide gels in the presence of Triton X-100. It has been established that the technique does not generate micellar artifacts and that the D23 hepatoma contains a protein absent from the normal hepatocyte. This component of pI4.0 has been sought in the plasma membranes of a range of other tumours of the rat (which included various immunologically defined lines of hepatoma, mammary carcinoma, epithelioma and fibrosarcoma) and in plasma membranes of adenocarcinomata of the colon in man. Some tumours were originally chemically induced, others were spontaneous. Some of the lines studied were of recent origin, others were long-maintained. Studies were made with newly induced hepatomata and their metastases. The protein was also sought in whole homogenates of human bronchocarcinomata (of several histological types), in lymphosarcoma of the pig, acute lymphoblastic leukaemia (leukaemic tumours) of mice and the Schwarm chondrosarcoma of the rat. In each case a protein of p14 (PI about 4.15 in the mouse) was found, which stained strongly with Coomassie Blue and weakly with periodate-Schiff reagents. The u.v.-absorption spectrum of the protein was measured with a Gilford model 250 densitometer between 270 and 300nm and was similar to that of serum albumin. The ratio of absorption in this range to staining with Coomassie Blue suggested that the protein was either rich in amino groups or low in aromatic residues. A range of normal tissues of the adult rat (including liver, lung, spleen, kidney and body wall) was studied, both as whole homogenates and as isolated plasma-membrane- Foetal tissues of the rat and human showed the presence of a protein of PI about 3.8, but a protein of pI4.0 was absent or barely detectable. In regenerating rat liver, proteins of pI3.8 and 4.0 were present, with the former greatly predominant (Fig. l) , but both were absent from the plasma-membrane fraction and were associated with some intracytoplasmic membrane.
The cell membranes of the tumours varied considerably in their content of the protein of pI4.0 (1-6% of total material stained with Coomassie Blue). The concentration of the protein was not related to the degree of lymphocytic invasion or vascularization of the tumour. It was also independent of the number of mitoses visible in the tumour, its inclination to develop necrotic foci, its tendency to metastasis and its antigenicity in its host.
More detailed studies have been made of the proteins from the D23 hepatoma and the Schwarm chondrosarcoma of the rat and the human foetal protein. All three proteins are labile to alkaline borohydride and show a shift of PI to 5.3 when treated with neuraminidase. All behave as single species on sodium dodecyl sulphate/polyacrylamide-gel and sodium dodecyl sulphate/polyacrylamide-gel-gradient electrophoresis. Peptide maps of their tryptic, chymotryptic, thermolytic and Pronase digests show them all to be very similar and to have distinct hydrophilic and hydrophobic domains. The hepatoma and chondrosarcoma proteins are indistinguishable.
It is suggested that in the malignant cell a glycoprotein which is normally an intracellular component undergoes a small modification and appears at the cellular surface where it is characteristic of, if not necessarily functional in, the expression of malignancy. Isoelectric focusing offers advantages over techniques such as sodium dodecyl sulphate/ polyacrylamide-gel electrophoresis, in that it exploits molecular charge rather than size, produces zones of bandwidths that are not related to the distances of migration and tends to concentrate the acid glycoproteins into a region of the PI spectrum where few non-glycosylated proteins occur (Cook & Stoddart, 1973) . We here describe an evaluation of a method of isoelectric focusing as a basis for comparing plasma membranes of the normal rat hepatocyte with plasma membranes of one of its malignant derivatives, the D23 hepatoma.
Membrane preparations were obtained from normal rat liver or from the rat hepatoma (D23) originally induced by oral administration of 4-dimethylaminoazobenzene and maintained by serial transplantation in syngeneic Wistar rats in the Cancer Research Campaign Laboratories, Nottingham. Plasma-membrane preparations were made by using an adaption of the method of Touster et al. (1970) for the isolation of normal rat liver plasma membranes, and this has been previously described (Price & Baldwin, 1974a,b) . Rat liver mitochondria1 membranes were the gift of Dr. K. F. Tipton of the Department of Biochemistry, University of Cambridge, and these were free from contaminating plasmalemma.
All reagents were of analytical grade unless otherwise stated, and were purchased from BDH (Poole, Dorset, U.K.) or Fisons (Loughborough, Leics., U.K.). Ampholites were LKB Ampholine solutions (pH range 3-10).
Triton X-100 (BDH) was deionized as a 10% (v/v) Two stock solutions were prepared. Solution A contained 28g of recrystallized acrylamide and 0.7g of methylenebisacrylamide, made to IOOml with water. Solution B contained 0.7 g of NNN'N'-tetramethylethylenediamine, 7.0mg of riboflavin, and water to 100ml.
For the preparation of a gel sheet 14.7ml of solution A, 4.2ml of solution B, 1.8ml of 40% (w/v) ampholine, 6.2ml of 10% Triton X-100 and 35.2ml of water were mixed and poured between flat glass plates (12.5cm x 27.0cm) separated by a Neoprene gasket of lmm thickness (LKB Multiphor Apparatus). The gel was photo-polymerized and contained 1 % Triton X-I00 (final concentration).
The other detergents were substituted for Triton X-100 when required, and concentrations were adjusted by proportional decrease or increase in the amounts of detergent, ampholyte or acrylamide. The amounts of water were varied accordingly.
